Introduction
============

Obesity comes from the storage of surplus energy in fat cells through the abnormal metabolism of energy in the body, and is considered a major cause of several metabolic diseases \[[@B1]\]. When excess food energy is taken in and fat is accumulated in the body, obesity is the result. The intake of high fatty and/or high carbohydrate foods not only increases the number of fat cells in the body but also increases the weight of cells, causing obesity \[[@B2]\]. So, obesity involves an excess of fatty tissues rather than excessive weight. Obesity has a close relationship with diverse metabolic diseases such as diabetes, high cholesterol, high blood pressure and other cardiovascular diseases. It is well known that the prevalence and death rate of such diseases are relatively high among the obese \[[@B3]-[@B5]\]. One of the most general methods for treating obesity is to restrict the intake of energy sources such as fats and carbohydrates, but the restriction of energy intake can cause other problems, such as a reduction of the basal metabolic rate \[[@B6]\]. Though many anti-obesity medicines have been developed, they are also known to have numerous side effects. Up to now there has been no perfect obesity medicine developed without side effects \[[@B7]-[@B9]\]. In order to overcome such problems in obesity treatment, much research has been carried out on the use of natural food materials to prevent and cure obesity, as it is known that food not only supplies the calories and the nutrients but also helps to prevent and treat diseases with the natural functional materials it contains \[[@B10],[@B11]\].

As a part of this area of research, this study deals with how the green peppers of the eggplant family (Solanaceae) work against obesity. Green pepper is a spice widely used around the world, particularly as a main material in kimchi and kochujang, typical Korean foods. It contains high amounts of phenolic acid, flavonoids, and vitamins C and E \[[@B12]\]. In particular, the capsaicin in green pepper has been studied a great deal because of its influence on both fat metabolism and energy metabolism \[[@B12]-[@B15]\]. Operating on the central nervous system, capsaicin is well known to have anti-obesity effects by controlling the appetite, reducing the fat concentration in the blood and restricting the generation of white fat cells \[[@B16]-[@B20]\].

However, according to our previous experiments, in addition to the fat-soluble capsaicin, water extracts of green pepper have considerable anti-obesity effects \[[@B21],[@B22]\]. To further verify our previous studies, this study fractionates the water extracts of green pepper and investigates the fractions which have anti-obesity function through the manifestation of a restriction of lipoprotein lipase (LPL).

Materials and Methods
=====================

Chemicals and reagents
----------------------

Dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), chloroform, isopropanol and diethylpyrocarbonate (DEPC) manufactured by Sigma Co. (St. Louis, MO, USA); dNTP, Nuclease free water and GoTaq® Green Master mix by Promega Co. (S1, USA); SuperScript III reverse transcriptase, 5 × first-stand and DTT by Invifogen Co. (Carlsbat. Ca 92008, USA); Dulbecco\'s minimum essential medium (DMEM) for the culture of cells, fetal bovine serum (FBS), penicillin-streptomycin and trypsin-EDTA by Welgene (Daegu, Korea) were used. In addition, Sephadex LH20 was used as the resin for fraction.

Equipment
---------

Equipments used for the experiment included UV-visible spectrophotometer (2120 UV plus, Optigen), microplate reader (EL 808 series, BioTek), inverted microscope (Nikon), Freeze dryer (VD-16, Taitec Co.), shaking incubator (KMC8480SF, Vision), CO~2~ incubator (KMC-8409C, Vision), Freeze dryer (FD 8508, Ilshin), Evaporator (Eyela, Japan), centrifuge (MF600, Hanil), micro centrifuge (Micro 17R, Hanil) and gel reader (UVP, BioDoc-it).

Plant materials and preparation
-------------------------------

Materials for this experiment included 7 edible green peppers belonging to *Capsicum annuum* L. of Solanacese: Chungyang gochu (Cca), Putgochu (Pca), Oyee gochu (Oca), Kwari putgochu (Kca), Green pepper (Gca), Yellow paprika (Yca) and Red paprika (Rca). Organic products with the names of actual farmers were purchased at Lotte Mart in Chuncheon City.

Preparation of green pepper water extracts
------------------------------------------

Each material was washed and the internal seeds were removed. After it was dried and crushed, distilled water (as much as 10 times its weight) was added to it, and the mix was stirred for 24 hours at 60℃ to extract the active elements. The extracts were centrifuged and filtered with a 0.45 µm syringe filter. After an amount of chloroform equal to the amount of the filtered liquid was added to it to remove the fat, reduced pressure concentration and lyophilization were carried out to make it a specimen.

Each natural material was used in concentrations of 100 ppm, 250 ppm, 500 ppm, 1,000 ppm, 2,500 ppm, 5,000 ppm and 10,000 ppm in the experiment.

Methods of fractionations
-------------------------

Primary fractionation for pepper Cca dissolved in 750 g/3 L H~2~O was performed using sephadex LH20 gel CHP-20 (Φ4.5 × 20 cm), and 11 primary fractions were eluted with H~2~O. Secondary fractionations for fraction No. 5 3.3654 g dissolved in 20 ml H~2~O and No. 6 2.0198 g dissolved in 15 ml H~2~O were performed with MCI gel CHP-20 (Φ4.0 × 15 cm), and 11 (No. 5) and 12 (No. 6) fractions were eluted with H~2~O, ethanol, and acetone in each step. Tertiary fractions for fraction No. 5-6 dissolved in 247.9 mg/5 ml H~2~O and No. 6-6 dissolved in 138.7 mg/5 ml H~2~O were performed with Wakosil 40C18 (Φ4.0 × 15 cm), and fractions were eluted with 10% methanol.

Cell culture
------------

The cell lines for this experiment were 3T3-L1 fat cells, which were dispensed from the Korean cell line bank (KCLB) and cultured in the lab. The 3T3-L1 cell lines were cultured on Dulbecco\'s minimum essential medium (DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin (PEST) added in the incubator of 37℃ and 5% CO~2~.

MTT assay
---------

MTT assay was carried out to check whether the water extracts from the natural materials at various concentrations showed toxicity to 3T3-L1 preadipocytes. The survival rate of cells was measured using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction method. The 3T3-L1 cells were plated at an initial density of 1 × 10^5^ cell/ml in a 96-well plate and treated with various concentrations of green pepper extracts for 24 hours. MTT solution was added to each well to a final concentration of 0.5 mg/ml. After 4 h of exposure at 37℃, the formazan crystals were dissolved in dimethylsulfoxide (DMSO), and the absorbance was estimated with an ELISA reader at 570 nm.

Semi-quantitative reverse transcription polymerase chain reaction (RT-PCR)
--------------------------------------------------------------------------

To estimate LPL and β-actin mRNA levels, total RNA was extracted by the QIAzol lysis reagent according to the manual. Complementary DNA was synthesized by SuperScript III reverse transcriptase from total RNA, and polymerase chain reactions for LPL and β-actin were administered with GoTaq®Green Master mix.

The primer sequences used for RT-PCR are as follows ([Table 1](#T1){ref-type="table"}).

UPLC analysis
-------------

UPLC analysis was performed using the Waters UPLC-XXX system. The analysis column was Waters BEH C18 (2.1 × 100 mm, 1.7 µm). The mobile phase (with flow rate 0.2 ml/min) consisted of A: H2O solution containing 0.1 % (v/v) formic acid, B: CH~3~CN solution containing 0.1 % (v/v) formic acid (gradient). The mobile solution was filtered through a 0.45 µm membrane filter and degassed prior to use. The injection volume was 1 µl. Compounds were detected by a UV detector (280 nm).

Statistical analysis
--------------------

All experiments were carried out in triplicate, and statistical analyses were conducted by using the GraphPad InStat statistical package (GraphPad InStat Version 3.00, 2003). All expressed values are the mean ± standard deviation (SD). Analysis of variance (ANOVA) was conducted, and the Tukey-Kramer test was used to determine the significance of differences among groups more than three. Student\'s *t*-test was used to decide the significance between two groups. The level of statistical significance was set as *P* \< 0.05.

Results
=======

Influence of water extract from 7 green peppers (capsicum) on cell survival rate
--------------------------------------------------------------------------------

To determine the influence of water extracts from natural materials on the manifestation of lipoprotein lipase (LPL) in 3T3-L1 cells, MTT assay was carried out first to set the material treatment concentration ([Fig. 1](#F1){ref-type="fig"}). Each extract from 7 kinds of green pepper (Cca, Pca, Kca, Oca, Gca, Yca, Rca) was diluted to seven concentrations of 100 ppm, 250 ppm, 500 ppm, 1,000 ppm, 2,500 ppm, 5,000 ppm and 10,000 ppm, and added to cells in order to check their survival rate. Most materials demonstrated toxicity at the concentration of 5,000 ppm or higher. Notably, Cca killed the cells up 73.7% at 5,000 ppm and 89.3% at 10,000 ppm. Next, Kca killed 40.1% at 5,000 ppm and 70.9% at 10,000 ppm. At 2,500 ppm, Pca (18.0%) and Kca (22.6%) showed significant toxicity. But at 1,000 ppm or lower, the cell toxicities of Cca (10.5%), Pca (8.4%), Kca (11.8%), Oca (7.3%), Gca (2.7%), Yca (5.3%) and Rca (3.8%) were relatively small compared to other concentrations. Therefore, the treatment concentration for 7 kinds of pepper was determined as 1,000 ppm for this experiment.

Influence of extracts from 7 peppers (capsicum) on manifestation of mRNA of LPL
-------------------------------------------------------------------------------

The manifestation of LPL mRNA was measured by using 7 varieties of *capsicum* ([Fig. 2](#F2){ref-type="fig"}). While Oca, Gca, Yca and Rca tended to increase the manifestation of LPL mRNA, Kca showed a decrease of 19.7% and Pca 9.9%, both of which were rather insignificant. However, Cca demonstrated a significant decrease of 50.9%. Therefore, Cca was selected as the final material to identify the substance restricting the manifestation of LPL mRNA.

Influence of primary Cca fractions on expression of LPL mRNA
------------------------------------------------------------

Of the 7 kinds of pepper extracts, Chungyang gochu (Cca), which restricted the manifestation of LPL mRNA the most, was divided into 11 fractions, and the LPL manifestation of each fraction was measured ([Fig. 3](#F3){ref-type="fig"}). Of these, the most active fractions were Fr. 5 and 6. Fr. 6 showed a 36.2% decrease, and Fr. 5 showed 30.5%. The next active fractions in descending order were Fr. 4 (20.3%) \> Fr. 7 (18.0%) \> Fr. 8 (17.2%) \> Fr. 9 (16.5%). Thus, fractions other than Fr. 4 exhibited insignificant effects. Therefore, two fractions Fr. 5 and 6 with the greatest effects were selected as the best fractions to restrict the manifestation of LPL mRNA.

UPLC result of effective fractions
----------------------------------

To identify the components of effective fractions, UPLC analysis was carried out. As the present fractions were the primary ones fractionated with natural extracts of diverse substances, both turned out to be mixtures of many elements ([Fig. 4](#F4){ref-type="fig"}). Based on the UPLC result, the best solvent for the specimens was selected and the secondary fraction method was developed.

Influence of Secondary Cca Fractions of Fr. 5 on expression of LPL mRNA
-----------------------------------------------------------------------

Based on UPLC data of Fr. 5, it was separated into 11 sub-fractions, and the LPL manifestation of each sub-fraction was measured ([Fig. 5](#F5){ref-type="fig"}). Of the sub-fractions, Fr. 5-6 demonstrated the most significant reduction, followed in order of reduction amount by Fr. 5-7 (25.1%) \> Fr. 5-8 (21.7%) \> Fr. 5-9 (20.9%) \> Fr. 5-4 (20.6%).

Influence of secondary Cca fractions of Fr. 6 on expression of LPL mRNA
-----------------------------------------------------------------------

Based on UPLC data of Fr. 6, it was separated into 11 sub-fractions and the LPL manifestation of each sub-fraction was measured ([Fig. 6](#F6){ref-type="fig"}). Of the sub-fractions, Fr. 6-6 demonstrated the highest significant reduction, followed in order of reduction amount by Fr. 6-7 (26.7%) \> Fr. 6-1 (25.1%) \> Fr. 6-2 (25.9%) \> Fr. 6-8 (20.9%).

Through a comprehensive comparison of Fr. 5 and 6 subfractions, it was found that the most effective fractions for reducing the manifestation of LPL mRNA in the cell were Fr. 6-6 (35.8%) and Fr. 5-6 (35.3%). The next most effective ones were Fr. 6-7 (26.7%) \> Fr. 5-7 (25.1%) \> Fr. 6-1 (24.7%), which showed reductions that were significant but were lower than the foregoing most effective ones by 10% or more. In this respect, Fr. 5-6 and Fr. 6-6 were selected as the effective fractions.

UPLC result of effective fractions
----------------------------------

According to the UPLC result for two effective fractions that showed the restriction of LPL mRNA of 35% or more ([Fig. 7](#F7){ref-type="fig"}), the same peak appeared at the range of 6 min in both fractions. It is highly probable that the peak appearing at the same time range in the data of UPLC executed under the same conditions can represent the same element. However, as there are still many other peaks, it may not be a single element. Therefore, the solvent was selected to separate them as suitably as possible, and the method for additional fractioning was provided.

Influence of tertiary fraction of Fr. 5-6 on expression of LPL mRNA
-------------------------------------------------------------------

The LPL manifestation amount of cells was measured with Fr. 5-6-1, which was expected to be the final fraction of Fr. 5-6 ([Fig. 8](#F8){ref-type="fig"}). While it was water-soluble before the fraction, the substance after fraction turned out to be dissolved in water of 70℃ or higher and congealed again at 4℃ or lower. Out of concern that there might be some problems if the medium was heated up to 70℃, the tertiary sterilized distilled water was heated to 70℃ and the fraction was dissolved with the water. It was then added to the medium. As a result of the experiment, manifestation of LPL mRNA was significantly restricted by approximately 26.6% in comparison with the control group.

Influence of tertiary fraction of Fr. 6-6 on expression of LPL mRNA
-------------------------------------------------------------------

The LPL manifestation amount of cells was measured with Fr. 5-6-1, which was expected as the final fraction of Fr. 6-6 ([Fig. 9](#F9){ref-type="fig"}). The result of the experiment showed that the manifestation of LPL mRNA was significantly restricted by about 29.7% in comparison with the control group.

Discussion
==========

Green peppers used in this study are the vegetables having vitamins C and E of high contents. Capsaicin, a major component of Capsicum, is the ingredient that gives pepper its \'chili\' taste. It is a phenolic compound of the alkaloid line, which operates on the adrenal medulla to promote energy metabolism \[[@B14]\], to create antioxidant \[[@B23],[@B24]\], pain-relieving \[[@B25]\], anticancer \[[@B26]\] and anti-inflammation effects \[[@B27]\]. There have been many studies on the effects of capsaicin on lipid metabolism. In animal experiments, it has been shown to restrict the generation of white fat cells and the activation of lipoprotein lipase (LPL) to reduce the amount of body fat, showing anti-obesity effects \[[@B18]-[@B20]\].

In one study, methanol extract from hot pepper (*Capsicum annuum* L.) seeds decreased lipid accumulation in the adipocyte and significantly reduced the activity of glycerol-3-phosphate dehydrogenase. In addition, the expression of C/EBPβ, C/EBPα, and PPARγ, important adipogenic transcription factors, was significantly reduced when hot pepper seed extract was added to cells \[[@B28]\].

First of all, this research was administered that how the water extracts from several kinds of green pepper influence the expression of mRNA of lipoprotein lipase (LPL), a main lipoprotein enzyme that is composed in the fat cells and secreted into capillary vessels and cell envelopes to decompose the lipoproteins with rich triglycerides such as chylomicron (CM), very low density lipoprotein (VLDL) and low density lipoprotein (LD) into monoacylglycerols and free fatty acids \[[@B29]\].

Of the 7 pepper fruits, Cca demonstrated a significant effect in reducing the manifestation of LPL mRNA up to 50.9% when compared with the control group; Kca reduced 19.7% and Pca 9.9%, which were insignificant. The others increased the manifestation of LPL mRNA.

The LPL that is increased after eating a meal participates in lipoprotein metabolism, introducing the triglycerides into fat tissues and accumulating them \[[@B30]\]. Even if it does not directly participate in the decomposition metabolism of accumulated fats, it has been reported that the activation of LPL and the gene expression of LPL are radically decreased when an ultra-low calorie diet is adopted by someone suffering from obesity, leading to a reduction in weight \[[@B29]\]. In this respect, the water extract of Cca seems to have the function whereby it restricts the expression of LPL mRNA and lowers the accumulation of fats into the fat cells.

The extract of Chungyang gochu, which was previously selected as the most favorable material, was fractionated with the open column. Primary fraction was made only with the water. Of the 11 fractions, Fr. 5 and Fr. 6 showed the best effects in restricting the manifestation of LPL mRNA, 30.5% and 36.2%, respectively.

Therefore, the profiles of Fr. 5 and 6 with the best effects were checked through UPLC, and it was found that they contained a lot of components. Based on each UPLC profile, the composition ratio of solvents for the most effective separation was determined, and the secondary fractions were obtained through the separation. As the result of an analysis regarding the LPL mRNA reduction of secondary fractions, Fr. 6-6 (35.8%) demonstrated the best effect and Fr. 5-6 (35.3%) also showed a significant effect to restrict the manifestation of LPL.

To determine the compositions of selected fractions, their profiles were analyzed again through UPLC. The result showed that it is highly probable that the materials with the highest ratio in two fractions are the same material. On this basis, the composition ratio of solvents was determined for the 3rd fraction.

From the two previously-selected secondary fractions, tertiary fractions were obtained. Fr. 5-6-1, the tertiary fraction of 5-6, presented a 26.6% LPL restriction; Fr. 6-6-1, the tertiary fraction of 6-6, presented a 29.7% LPL restriction. As these were expected to be similar or the same as the two materials previously mentioned, the two tertiary fractions also showed similar effects. Although the effect of functional constituent on specific gene expression during fractionation processes is generally increased, there was no significant difference among fractions from fractionations in this study. It is supposed that because of the very low yield of functional constituent in a fraction or other unknown factors in fractionations, the inhibitory activity for LPL was not elevated through fractionation, nevertheless more exact cause should be elucidated through additional experiments in the future.

One of the well-known components of pepper known to have an anti-obesity effect is capsaicin \[[@B14],[@B19]-[@B22]\]. However, according to current research, the material in this study is not capsaicin. Consequently, it seems necessary to investigate which material in green peppers restricts LPL, and which role it plays in doing so.

![**Effect of plant water extracts on the viability of 3T3-L1 cells.** The results are from three experiments and are expressed as mean ± SD. Cca, Chungyang gochu; Pca, Putgochu; Oca, Oiegochu; Kca, Kkwari putgochu; Gca, Green pepper; Yca, Yellow paprika; Rca, Red paprika; data values are expressed as mean ± SD of triplicate determinations. ^\*^*P* \< 0.05 vs control, ^+^*P* \< 0.01 vs control, ^\#^*P* \< 0.01 vs control.](nrp-7-96-g001){#F1}

![**Effect of *Capsicum* Fructus extracts on the lipoprotein lipase (LPL) mRNA expression in 3T3-L1 cells.** The results are from three experiments and are expressed as mean ± SD. The doses of all pepper extracts are 1,000 ppm. Cca, Chungyang gochu; Pca, Putgochu; Oca, Oiegochu; Kca, Kkwari putgochu; Gca, Green pepper; Yca, Yellow paprika; Rca, Red paprika; data values are expressed as mean ± SD of triplicate determinations. ^\*^*P* \< 0.05 vs control, ^+^*P* \< 0.01 vs control, ^\#^*P* \< 0.01 vs control.](nrp-7-96-g002){#F2}

![**Effect of Cca first fractions on lipoprotein lipase (LPL) mRNA expression after non-differentiation in 3T3-L1 cells.** The results are from three experiments and are expressed as mean ± SD. The doses of all fractions are 1,000 ppm. Cca, Chungyang gochu; data values are expressed as mean ± SD of triplicate determinations. ^\*^*P* \< 0.05 vs control, ^+^*P*\< 0.01 vs control, ^\#^*P* \< 0.01 vs control.](nrp-7-96-g003){#F3}

![**UPLC-UV chromatogram of fraction isolated from Cca.** \[A\]: Cca Fr. 5, \[B\]: Cca Fr. 6. Cca, Chungyang gochu.](nrp-7-96-g004){#F4}

![**The effect of lipoprotein lipase (LPL) mRNA expression on sub-fractions of Cca Fr. 5 in 3T3-L1 cells.** Results are from three experiments and are expressed as mean ± SD. The doses of all fractions are 1,000 ppm. Cca, Chungyang gochu; data values are expressed as mean ± SD of triplicate determinations. ^\*^*P* \< 0.05 vs control, ^+^*P* \< 0.01 vs control, ^\#^*P* \< 0.01 vs control.](nrp-7-96-g005){#F5}

![**The effect of lipoprotein lipase (LPL) mRNA expression on sub-fractions of Cca Fr. 6 in 3T3-L1 cells.** The results are from three experiments and are expressed as mean ± SD. The doses of all fractions are 1,000 ppm. Cca, Chungyang gochu; data values are expressed as mean ± SD of triplicate determinations. ^\*^*P* \< 0.05 vs control, ^+^*P* \< 0.01 vs control, ^\#^*P* \< 0.01 vs control.](nrp-7-96-g006){#F6}

![**UPLC-UV chromatogram of fraction isolated from Cca.** \[A\]: Cca Fr. 5-6, \[B\]: Cca Fr. 6-6. Cca, Chungyang gochu.](nrp-7-96-g007){#F7}

![**The effect of third fractions of CHE Fr. 5-6 on lipoprotein lipase (LPL) mRNA expression after non-differentiation in 3T3-L1 cells.** Results are from three experiments and are expressed as mean ± SD. The dose of fraction is 1,000 ppm. Cca, Chungyang gochu; data values are expressed as mean ± SD of triplicate determinations. ^+^*P* \< 0.01 vs control.](nrp-7-96-g008){#F8}

![**The effect of third fractions of CHE Fr. 6-6 on lipoprotein lipase (LPL) mRNA expression after non-differentiation in 3T3-L1 cells.** The results are from three experiments and are expressed as mean ± SD. The dose of fraction is 1,000 ppm. Cca, Chungyang gochu; data values are expressed as mean ± SD of triplicate determinations. ^+^*P* \< 0.01 vs control.](nrp-7-96-g009){#F9}
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